We examined the feasibility of using DNA extracted from stained sputum smears for the detection of rifampin and isoniazid resistance with the commercial MTBDRplus assay from Hain Lifescience GmbH, Nehren, Germany. Overall sensitivity was initially low (70.0%) but increased to 96.7% when a multiplex PCR preamplification step was added. We then tested stored Mycobacterium tuberculosis-positive stained smears prepared from 297 patients' sputum samples. Species identification and drug susceptibility testing (DST) had been performed at the Institut Pasteur de Madagascar. Overall, the performance of the MTBDRplus assay applied to slide DNA was similar to that obtained in other studies with DNA extracted from clinical specimens. With the ready availability of stained smears in routine diagnostic laboratories and their easy transport and storage at room temperature, this approach should be useful for optimizing the treatment of multidrugresistant tuberculosis and for conducting resistance surveys aimed at identifying hot-spot regions and breaking chains of transmission.
Multidrug-resistant tuberculosis (MDR-TB) poses a formidable worldwide challenge for control programs, because of complex diagnostic and treatment issues. Less than 5% of MDR-TB patients are currently being diagnosed, owing to a severe lack of laboratory capacity. Alarming increases in MDR-TB, the emergence of extensively drug resistant TB (XDR-TB), potential institutional transmission, and the rapid progression of HIV-coinfected MDR-TB and XDR-TB patients call for rapid screening methods (25) . Novel technologies for rapid detection of anti-TB drug resistance have therefore become a priority in TB research and development, and molecular line-probe assays have already been developed for rapid detection of resistance to rifampin (RIF), isoniazid (INH), fluoroquinolones, and injectable drugs (9, 25) .
The MTBDRplus assay (Hain Lifescience GmbH, Nehren, Germany) has estimated sensitivities of 91.7% to 100% and 73% to 100% for the detection of RIF and INH resistance, respectively, in clinical strains (1-3, 6, 8, 10, 11, 13, 15, 17) . However, because of the need for trained staff, specific equipment, and dedicated infrastructure, such tests are currently restricted to specialized laboratories. Even when these tests are available, detection of resistance in developing countries is often restricted by transport and storage of sputum samples from remote locations.
It has been shown that Mycobacterium tuberculosis complex DNA present in Ziehl-Neelsen-or auramine-stained smears can be extracted and used in molecular tests (7, 19, (21) (22) (23) (24) . In this study, we show that the MTBDRplus assay can be applied to DNA extracted from microscopy-positive stained sputum smears from patients with relapse, treatment failure, and newly diagnosed TB.
MATERIALS AND METHODS
Stored stained slides. We selected 297 stored smear-positive stained slides prepared from TB patients' sputum samples between January 2003 and March 2010. Species identification and drug susceptibility testing (DST) had been performed at the Institut Pasteur de Madagascar. All the slides bore laboratory identification numbers inscribed with a diamond or in pencil and had been stored in the laboratory at room temperature. Results of direct examination and culture were available in the lab records. Conventional DST showed that 53 of the strains present in the 297 sputum samples were MDR, 10 were RIF monoresistant, 36 were INH monoresistant, and 198 were fully susceptible.
Sputum specimens. Thirty sputum specimens were randomly chosen from among stored samples corresponding to the slides included in the study.
Conventional DST. The standard proportion method (4) was used for INH and RIF susceptibility testing on Lowenstein-Jensen medium with 0.2 g/ml INH (reference number I-3377; Sigma) and 40 g/ml RIF (reference number R-8626; Sigma). The critical proportion of resistant bacilli was 1% for both drugs. A strain was considered MDR when it was resistant to both INH and RIF.
DNA extraction from sputum. DNA was extracted from sputum as recommended by the MTBDRplus assay manufacturer. Briefly, 500 l of N-acetyl-Lcysteine-NaOH-decontaminated sputum (12) was centrifuged at 10,000 ϫ g for 15 min. The supernatant was discarded, and the pellet was resuspended in 100 l of distilled water by vortexing. Finally, the specimen was boiled for 20 min and incubated in an ultrasound bath at room temperature for 15 min.
DNA extraction from slides. The Chelex method was used for DNA extraction from the glass slides, as previously described (23) . Mineral oil was removed with xylene, and the smears were scraped off the slides after adding 25 l of sterile distilled water before transfer to microtubes. Chelex suspension (75 l) containing 5% Chelex-100, 0.01% lauryl sulfate, 1% Nonidet P-40, and 1% Tween 20 was added to the samples and thoroughly mixed prior to incubation in boiling water for 30 min. The samples were then centrifuged for 15 min at 13,000 ϫ g, and the supernatants were transferred to fresh microcentrifuge tubes and stored at Ϫ20°C until use.
Multiplex PCR preamplification. In order to increase the sensitivity of the MTBDRplus assay applied directly to slide DNA extracts, a 847-bp region of the rpoB gene, a 930-bp region of the katG gene, a 752-bp region of the inhA gene, and a 852-bp region of the 23S rRNA gene were amplified by multiplex PCR using the following respective primers: rpo1 (5Ј-CTCAAGGCGCTGGGCTGG AC-3Ј) and rpo2 (5Ј-CCACCTTGCGGTACGGCGTT-3Ј), kat1 (5Ј-GCAACT GCGCGCTGGAATCG-3Ј) and kat2 (5Ј-CCGCCCATGCGGTCGAAACT-3Ј), inh1 (5Ј-GCGGCGGTTGGTGTCGATGA-3Ј) and inh2 (5Ј-GAACGCCCCGG TGAGGTTGG-3Ј), and 23S1 (5Ј-GCAGGCATGAGTAGCGACAAGG-3Ј) and 23S2 (5Ј-CCATTCGTGCAGGTCGGAACTT-3Ј). Phusion HF buffer (Finnzymes), 200 nM deoxynucleoside triphosphate, 500 nM each primer, 1 U of Phusion DNA polymerase (Finnzymes), and 5 l of DNA template (from slides) in a final volume of 50 l were used in the following 2-step PCR protocol in an automated thermal cycler (Multigene; Labnet): 30 s of denaturation at 98°C, 45 cycles with one denaturation step at 98°C for 10 s and one annealing and elongation step at 72°C for 30 s, and a final extension step at 72°C for 10 min.
GenoType MTBDRplus test. The GenoType MTBDRplus test was performed according to the manufacturer's instructions (Hain Lifescience GmbH, Nehren, Germany). For the amplification process, 5 l of the DNA extract or preamplification product was used. The PCR protocol was modified by increasing the number of cycles from 30 to 45 when using preamplified DNA or DNA directly extracted from stained slides. Hybridization and detection were performed according to the manufacturer's instructions. The MTBDRplus assay strip contains 27 reaction zones, of which 21 correspond to probes for mutations and 6 correspond to control probes for internal validation. The six control probes include a conjugate control, an amplification control, a M. tuberculosis complex-specific control (TUB), an rpoB amplification control, a katG amplification control, and an inhA amplification control. Eight wild-type (WT) rpoB probes encoding amino acids 505 to 533 and four probes for common mutations are used to detect RIF resistance. The probes used for INH resistance detection comprise one for a WT katG315 region, two probes for mutations in the highly resistant katG gene, two probes specific for WT regions, and four probes for the inhA gene mutation, which is associated with low-level resistance. The absence of at least one of the wild-type bands or the presence of bands indicating a mutation in a drug resistance-related gene implies that the strain is resistant to the corresponding antibiotic. When all the wild-type probes for a given gene are positive and there is no detectable mutation within the region examined, the sample is considered susceptible to the corresponding antibiotic. A result is considered valid when all six control bands develop properly on the strip. Otherwise, the result is considered invalid and the assay must be repeated. The person who read and recorded the MTBDRplus bands was blinded to the results of conventional DST.
For samples presenting some discrepancies between the susceptibility results of the MTBDRplus assay and preamplification product along with conventional DST, the MTBDRplus assay was repeated with the corresponding DNA extracted from sputum samples without the preamplification step according to the manufacturer's instructions.
Statistical analysis. Statistical analyses were performed with R software (R Development Core Team, R: a language and environment for statistical computing, R Foundation for Statistical Computing, Vienna, Austria, 2010; http: //www.R-project.org).
Sensitivity and specificity were calculated with standard methods. Sensitivity was defined as the ability to detect resistance, and specificity was defined as the ability to detect susceptibility. Comparisons were based on the McNemar chisquare test. Statistical significance was assumed at a P value of Ͻ0.05. Agreement between the two methods was calculated with the kappa coefficient (). 
RESULTS
Results of GenoType MTBDRplus assay with template DNA extracted from microscope slides with or without preamplification. First, we tested the feasibility of the method by using template DNA extracted from 31 randomly chosen smearpositive slides for the MTBDRplus assay. Smear positivity ranged from 1ϩ to 3ϩ, on the basis of IUATLD/WHO guidelines (18) . No correlation between the quantity of acid-fast bacteria and the band intensities was observed. The results were valid for 22/31 (70.9%) of the slides. In an attempt to improve the sensitivity of the method, we retested the same 31 DNA extracts after preamplification of the target genes by multiplex PCR. This nested PCR step increased the rate of valid results to 30/31 (96.7%) and was therefore included in subsequent analyses.
Results of GenoType MTBDRplus assay with template DNA extracted from microscope slides and from the corresponding sputum samples. To determine whether identical resistance results were obtained with DNA extracted from sputum and slides, 30 paired smear-positive slides and sputum samples were randomly chosen for analysis. Sputum DNA was used directly in the MTBDRplus assay, while slide DNA was preamplified by multiplex PCR. Identical results were obtained for all 30 paired specimens (100%).
Evaluation of MTBDRplus assay with template DNA extracted from slides. DNA from 297 smear-positive slides with known conventional DST results was extracted, preamplified, and tested with the MTBDRplus assay. Valid results were obtained for 254 slides (85.6%). Thirty-three slides (11%) gave invalid results due only to failure of the TUB control, while 10 slides gave invalid results due to failure of the rpoB, inhA, and/or katG control. The most frequent mutations identified by the MTBDRplus assay were rpoB S531L (62.74%) and the unidentified mutation in the region from codons 530 to 533 (11.76%) ( Table 2 ). The main mutations for INH resistance were katG S315T (74.57%) and inhA C15T (22.03%) ( Table 3) .
DISCUSSION
This study demonstrates the feasibility of using DNA extracted from positive stained sputum smears for resistance testing with the MTBDRplus assay. The inclusion of a multiplex PCR preamplification step significantly increased the overall sensitivity from 70.9% to 96.7% (P Ͻ 0.05), a sensitivity similar to that reported elsewhere with sputum specimens (78.5% to 100%) (3, 8, (13) (14) (15) 17) . Likewise, performance for the detection of RIF resistance, INH resistance, and MDR was similar to that reported in the literature (1-3, 6, 8, 10, 11, 13, 15, 17) for sputum and/or clinical specimens. When RIF resistance (RIF r ) was considered a marker of MDR (16, 20) , sensitivity increased to 100% (40/40).
Discordant results between the MTBDRplus assays with slide extracted DNA and conventional DST were observed (Table 1) . When the MTBDRplus assay was repeated with DNA extracted from sputum samples according to the manufacturer's instructions, we found the same results obtained with preamplified slide extracted DNA. Therefore, discrepancies could not be generated by the extraction method and/or the preamplification step. One strain could not be recognized as RIF resistant by the MTBDRplus assay, thus suggesting that it may have a mutation outside the rpoB hot-spot region. Likewise, the false-INH-susceptible results may be explained by the fact that some INH resistance-associated mutations are not included in the MTBDRplus test, as previously reported (2, 8) . It could be worth sequencing these strains to better understand the discrepancies between the MTBDRplus test and conventional DST results.
The S531L mutation in rpoB was most prevalent in the RIF r isolates, at a frequency (30/47, 63.8%) similar to that generally reported elsewhere (1, 3, 5, 6, 8, 11, 13, 17 (5) . Seven strains had both the wild-type pattern and mutant probe positivity (Table 2 and Table 3 ), possibly indicating the presence of a mixture of wild-type and mutated DNA sequences.
Although DNA extracted from slides has already been successfully used for sequencing (19, 24) , the assays used in the latter studies are not suitable for routine detection of drug resistance in low-income countries.
To our knowledge, this is the first study to show the feasibility of using DNA extracted from stained slides for M. tuberculosis resistance testing with the MTBDRplus assay. The availability of stained smears in routine diagnostic laboratories and their easy transport and storage at room temperature mean that this approach is suitable for analysis of stained sputum smears collected in remote locations for the detection of MDR far more rapidly and sensitively than with conventional methods. Even resistance to second-line drugs like fluoroquinolones and injectable drugs should be detectable. Rapid detection of drug resistance nationwide would help not only to optimize treatment of MDR-TB but also to conduct resistance surveys aimed at identifying hot-spot regions of drug resistance on October 24, 2017 by guest http://jcm.asm.org/ in order to interrupt transmission chains. The feasibility and cost-effectiveness of using DNA extracted from stained sputum smears for the detection of anti-TB drug resistance in remote locations remain to be determined.
